Hands-free hydration systems are often advocated for improved hydration and performance in military populations. The aim was to assess whether such systems indeed result in improved hydration in exercising soldiers. Subjects were required to complete a route-march while consuming water ad libitum from either a hydration bladder (BG) or traditional canteen (CG). Water intakes of 538 mL h -1 (BG) and 533 mL h -1 (CG) resulted in no differences for changes in body mass, serum [Na + ], POsm, total body water or time required to complete the march. There were no differences between peak exercise core temperature of the BG (38.9°C) and CG (38.7°C) groups. There were no differences between the groups for fluid balance, thermoregulation or performance. This is a not a surprising finding since the amount of fluid consumed ad libitum is determined by changes in serum osmolality and not the fluid delivery system as often proposed.
INTRODUCTION
The extent to which humans need to replace fluid losses during exercise remains contentious despite more than 60 years of focused research (1, 9) . The debate has special relevance for military populations. Apart from the inherent physiological risk associated with "under-" or "over-" hydration, in providing an excess of water contributes to the burden of the payloads imposed on the dismounted foot soldier (11, 12, 13) .
Commercially available hydration systems (water bladders) consisting of a type of reservoir, delivery tube and bite valve are now frequently advocated for improved hydration and performance in both military and sporting populations alike. A literature review on military hydration by Thomson et al. (17) recommended that the effectiveness and service suitability of "bladder" style water delivery systems should be evaluated. The supposed physiological advantages of such systems include "hands free" hydration, proposing that readily available fluid will encourage soldiers to drink more, therefore improving their "hydration status, keeping them safe" and maintaining their performance. Operationally, soldiers are supposed to benefit from such a method of water delivery since it will allow them to drink without interfering with their primary soldiering tasks (5) .
We are aware of only one technical report (5) and one peer reviewed study (4) investigating the possible advantages of such fluid delivery systems compared to traditional military canteens. The first indicated that a bladder type system has operational advantages over traditional canteens but was inconclusive regarding any possible physiological advantages (5) . The second study only investigated possible physiological advantages and found that adequate hydration levels were maintained with either a bladder system or traditional canteen. These results did not support the widespread issuing of bladder systems on the premise of improved hydration during basic military training (4) . A study by Bishop et al. (2) evaluated the benefits of a bladder type portable hydration system used by workers in encapsulating protective coveralls. The results of their study indicated that hypohydration was effectively mitigated by the use of said system. Accordingly, the purpose of our study was to assess the possible physiological advantages of bladder hydration systems versus traditional military canteens. In particular, whether such systems indeed result in improved performance and control of total body water (TBW), electrolyte and thermoregulatory responses in exercising soldiers. It was proposed that the amount of fluid consumed during exercise is determined by changes in serum osmolality and not the fluid delivery system, the 3 scientific hypothesis tested was: Ad libitum water replacement would not result in any differences for TBW, thermoregulation or performance between groups drinking from either a bladder hydration system or traditional canteen.
METHODS

Subjects
Ethical clearance for this study was obtained from the Research Ethics Committee of the South African Military Health Service. Participation was voluntary and all subjects were asked to read and sign an informed consent. All soldiers taking part in an official military exercise were eligible for the study. All subjects had to be medically fit, free from any musculoskeletal conditions and conditioned to carry loads of up to 25 kg to participate in the study.
Experimental Approach to the problem
Classification of drinking behaviours of subjects
In order to compare the water delivery systems subjects were randomly assigned to use either the traditional canteen (CG) or a bladder reservoir system (BG). To ensure groups were matched in terms of drinking behaviour, volunteers were asked to indicate their personal preference for fluid intake during exercise from one of the following four statements: 1) I drink as much fluids as I can tolerate; 2) I drink fluids only when I am thirsty; 3) I drink as little fluids as possible; or 4) I drink fluids according to a predetermined schedule (e.g. a certain amount every hour). The results from the drinking preference questionnaire (N=100) indicated that 46.4% of the soldiers consumed as much fluid as they can tolerate, 29.9% indicated that they only consume fluids according to thirst, and 23.7% of the soldiers preferred to drink fluids to a predetermined schedule. None of the subjects indicated that they drink as little as possible during exercise. These results were used to randomly assign the forty eight soldiers that volunteered for the field experiment to the two water delivery systems.
Thus equal numbers of each "type of drinker" were assigned to either the CG or BG.
The CG group carried four 2 L and one 1 L canteens while the BG group substituted one 2 L canteen for a 2 L bladder. This group only drank from the bladder but carried the remaining canteens in order to ensure an equal payload for all subjects. The configuration of a single 2 L bladder (refilled by canteens) accurately replicates water delivery during active route marches amongst this group of soldiers and therefore allows for comparison between the two groups of subjects. It is noted that future similar studies can improve its design by including a cross-over design between the two water delivery systems. Water intake, route-march time and core temperatures The only prescription was to consume water ad libitum (as desired) during the march. Subjects did not consume any food during the route march. All canteens and bladders were weighed during and on completion of the march to determine consumption during the exercise period. The time it took for each individual to complete the route-march was recorded. The core body temperature (Tc) of the subjects was recorded with a CorTemp TM2000 (HQ Inc, USA) ambulatory remote sensing system. Tc data were evaluated for the potential confounding effect of fluid ingestion invalidating the ingestible sensor (7). Due to equipment availability only 10 subjects in BG and 11 subjects in the CG were instrumented with Tc recorders.
Total body water (TBW) and body mass (BM) changes
The diluted isotope technique was used to assess TBW. The accuracy of the deuterium technique closely approximates values measured by desiccation. The total error of measuring TBW with tracer dilution is as low as 1%, thus allowing measurement of fairly small changes in body fluids (15) . This technique remains the most reliable method currently available, producing lower coefficient of variation values (<1%) than other methods such as bioelectrical impedance (16) . A detailed description of the methodology has been published previously (11, 12, 13) . Total body water (kg) was calculated using the preferred method of Halliday and Miller (6) .
Corrections were made for the ingestion of the isotope dose, metabolic water production and water added to the TBW pool through exchange with atmospheric moisture according to the methods of Schoeller et al (16) . 
Statistical Analyses
Student's T-tests were used to compare results since all the distributions of the paired differences were normal. A Pearson's product-moment correlation coefficient was used to determine relationships between appropriate variables. Statistical significant differences were indicated by a p-value of less than 0.05.
RESULTS
Subjects and environmental conditions
Forty eight subjects volunteered to take part in the study (BG = 27, CG = 21). The mean age of the subjects was 23.3 and 23.5 years for the BG and the CG respectively. The WBGT index [mean (range)] and relative humidity during the march reached 27.8ºC (24.2ºC-30.1ºC) and 47.7% (38.6%-56.9%) respectively. 6 Subject perception of fluid balance before during and after the march Table 1 presents the fluid balance perceptions of the subjects regarding their own fluid balance before, during and after the route-march. It also provides the perception of the subjects regarding the assumed link between fluid intake and Tc during exercise. Table 2 , it is clear that all the subjects indeed both started and ended the route-march in a state of euhydration. Previous findings indicate that ad libitum fluid intake combined with appropriate pacing strategies are sufficient to maintain safe and appropriate thermoregulatory responses under mild (12) and even extreme (13) environmental conditions. It was a concern that only 29.9% of the subjects indicated that they replace fluids ad libitum during The results supports previous findings (11, 12, 13) indicating that changes in BM did not accurately predict changes in TBW as 1:1 ratio and therefore we postulate that BM is not an accurate surrogate for TBW changes during prolonged exercise.
Total body water (TBW) and body mass (BM) changes
Theoretically there are three possible reasons why body mass loss during prolonged exercise may not accurately reflect total body water loss, the first of which is production of metabolic water during fuel oxidation. A second source of water gain is the intake of exogenous water in the form of either water or the water present in food eaten during exercise. A third theoretical source is the release of water with the breakdown of muscle and liver glycogen (13) .
There was no relationship for either of the groups between BM loss (p>0.05) or total volume of water consumed (p>0.05) and peak Tc during exercise. This lack of relationship between BM loss and the exercise peak Tc has now frequently been reported (11, 12, 13) . The Tc of all the subjects rose and decreased during exercise according to their level of effort determined by their pacing strategies (13) but did not exceed 39°C let alone 42°C; which is considered the danger level for Tc resulting in serious health consequences (3). Instead Tc was regulated within a normal range unrelated to the degree of body mass loss or fluid intake during exercise. The amount of fluid intake during the march was also not related (p>0.05) to the time required to complete the route-march in either of the groups. Accordingly, we conclude that ad libitum fluid intake, irrespective of the type of water delivery system, was sufficient to ensure safe thermoregulation in these subjects who were able to self-regulate their pacing strategies to suit the particular environmental conditions. ]. The data is compatible with previous findings that an increase in BM (and therefore TBW) is the major determinant of exercise-associated hyponatremia (11, 12, 13) . It also confirms a well-established finding that serum sodium concentration can be maintained during exercise without the need for acute sodium replacement during exercise (7,11,13,) , due to serum osmolality and not body mass being the regulated variable both at rest and during exercise. Drinking according to the dictates of thirst would be expected to produce minimal changes in serum osmolality and serum sodium concentration (7) .
MILITARY APPLICATIONS
We conclude that there were no differences in fluid balance, thermoregulation or performance between the groups drinking from either the hands free hydration system or traditional canteen. The amount of fluid consumed ad libitum during exercise will be determined by changes in serum osmolality and not the manner in which the fluid is made available during exercise. It was proposed that the subjects were able to maintain their POsm, serum [Na + ] and safe exercise Tc by: adopting a pacing strategy; ad libitum fluid consumption and a reduction in both body mass and total body water, although not in a 1:1 relationship.
